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FOREWORD

In September 1958 this Division published Report S-18
""An Evaluation of Safety Goggles and Safety Shields'', Since that
time additional tests were carried out on laboratory safety shields
and the stuliy of protection afforded by varicus pieces of laboratory
safety equipment was extended to gloves, sample transporting con-
tainers, and remote manipulators, All materia' .n $-18 is repro-

duced in this report.
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I, Introduction

Laboratory studies directed toward the synthesis of new
propellant ingredients frequently produce products having considerable
explosive potant'ial. and unknown sensitivities to detonation, Consequently
all reactions and products must he assumaed capable of explosion or deto-
nation at any time, and precautions taken accordingly., Equipmu.nt is
usually assumed to be expendable, but personnel must be adequately
protected,

Personnel protection is gained in two ways: through the use
of protective clothing and personal equipment, and by the use of shields
designed to isolate hazardous reactions. Past practice in the use of personal
protective equipment and shields has not been particularly sophisticated;
goggles, flame-proofed garments, gauntlets, and shields were used, and
reactions were run with the minimum quantities of material, but fow data
were available as to the amount of protection these safety devices offered,
Several explosions and fires in the industry indicated that the desired degree
of protection was not always obtained with safety equipment,

This Division initiated a program designed to give a quanti-
tative measure of the protection offered by various types of safety equip-
ment. Included in thiz evaluation were safety goggles®, shield materials,

shields, gloves, remote manipulators, and explosives carriers,

I1, Personal Protective Equipment
A, Safety Goggles
Twenty types of goggles ( Table I) were tested for sensi-
tivity to flame and impact.
For the flame tests an 20-g, charge of composite propellant
was burned in a l4-in, length of 6-in, diameter water pipe sealed at one end,

The full blas: of the flame was directed at a department store mannequin head

'Material on safe.y goggles and shield materials waa published previously in
Rohm & Haaa Co., '"An Evaluation of Safety Goggles & Safety Shields!'',
Repcrt No, £-18, September 1958, The whole of this report is reproduced
here in order to assemble in one place all work of thia Division ox laberatory
safety equipment,
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lypes of Gaggles Tested

Type A Amarican Optical Corapany Type K Wilison Mono Goggls, Style 51
2“:."1" l‘r;lnc g;gglu {w/vent, slots) (Pl;uic lensas n:«‘i n]y.yl.hy 1o+ arama)
atalogue No Supplie Saf, -
(Plastic lenves and rubber frame) ol *1y Erginatrizs aad Supply Co
Suppiier Mine Safety Appliance Co

Type L Jones Clearview Visar Goggle
Tvpa B Willson Rubber Mask Goggles Model No |}
Style No X4 (Plexiglas lenses and poivitnylens frame)
(Salety giaas lens»n and rudber frams) Suppliier,  Mine Salety Appliance Cu
Supplisr Safety Virginzesing and Supp!
‘ v : Suppiy Type M Cesco Cover'ite Goggles
Type C Saf-1-Shield No 562
Cataiogue No 3210 (Super lu.ly.llll lsnass and rigid plastic frame)
(Optil'te lonses and rigid plastic (rame) Supplisr Guardian Supply and Egiigmant Co
Supp ler. U & Safety Service Ca
Type N Willsos Goggle
Type D BDai-Quard Eye Shieid Type WK 847
W-32 (w/clear lensen) (Super-tough safety glass and rigid plastic frane)
Cellulose Mustic lenoes and rigid plastic Irame) Parforated pisstic sidechielde
Supplior Bausch and Lamb Optical Co Supplier Willsos Products, Inc.
Type £ Wiiison Moy -Goggle Style No 101 Type O Saf-1-Chem, No 233608
(P.aotic lonyes an :'clyﬂ,‘ql.m- {rame) {Plastic lonsas and polysthylore rame;
Supp: =r  Sufety Engineering and Supplv Co Bupplier  Salety Serv'+e Lo
Type F Saf-1-8hieid Type P su 1-Flex, No. who'l
Latalogue No  £ewu ‘Plastie lesacs and pol, etk leme frams}
(Optilite lensea and rigid plastic irame) Supplisr:U 8 Safety Service Co.
Supplisr U 8 Cufaty Service Co
Tyee Q Saf-}-Flex No. 295004
Type G Saf-1-Flex \Plastic lenses ard polysthyienas framse)
Catalogus No  ?3:1uue Supplier U 5 Safety Service Co
iOptilite lenses axd polvethylene frame:
Sappiier: U S Safety Service Co Jype R Saf-1-Flex, Ho. 29%12)
‘Pisetic lonsen and polyesthviens {rame)
Type H Paroram Coggles (targe) Suppline U, 8. nafsty Service (.
CE-34250
Plastic lonses and rigid plastic (rame; Type 8 8ci'erdes Gogg'an, No Cb 16316
Supplier  Mine Safety Appliance Cn \Plastis lensor and polyet y.one frame)
Suppl'sr  Mine Safely Applisace Co
Type ! Pasoram Goggles small)
CEL-:3828 Typs T hllllln Goggles, Ne CE-3:20
Plastic lenses ard rig'd plastic frame: Plast « 'enass ard polyerhyleas {rams’
Supplier  Mine Safety Appliance Co Supplier,  Mine Sufeiy Appliance Co
Type J One pisve, Al Plastic Guggle

Catalogue No CE-34249
(Plastic leaves and polyathyiene frame’
Suppliar:  Mine Safety Appliance Co

set 18 in, from the end of the pipe., The face on the mannequin was built
up with modeling clay to allow the goggles to be tightly fitted, Absorbent
cotton balls were placed in the eye sockets of the mannequin head, the
goggles iixed in place over the eyes, and the goggles subjected to one
blast of flame from the front and another blast from the side, After
each flash; the goggles were remnved and the result of the test recorded
{ Table II). Damage to the cotton balls was divided into two categories:
scorching and burning. Scorching included all conditions from slight
discoloration to slight charring, Buraing included those instances in
which the cotton ball was completely consumed { Figs, 1-3).

For the impact test the goggles were clamped by the
frames in a semi-rigid position and fired on at a range of 90 fcet with
a l2-gauge shotgun loaded with 3-1 1/8-8 Scatier-load shells, The

resulting damage was recorded { Figs, 4-24),
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Table Il

Danaage Resulting frem Flame Tests

Full Face Side

Left Eye Right Eye Left Eye Right Kye
Type Scorch Burn _Scorch Burn Scorch Burn Scorxch Burn
A
B
C X
D
E X X
r
G X
H X X X X
1 X X X X
J X
K X
L X
M X X X
N X X X X
o
P
Q X X X
R X
8(w/,050 pvc lens)
8 (w/, 030 pva fens) X X X
T {(w/, 080 pve lens) X |

T (w/0,050 pva lens)
8 ‘0,060 cellulose acetate lens)
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Fig. 3 Face after test with gogjles
removed. Cotton in one eye was
burned out.

———r

Fig. 2 Blast from burning propellant
striking goggles.



Fig 4 Type A goggle hit by five pellets-all five Fig & Type B goggle hit by two pellets=both
repelled-one produc. 1 90 crack with 1/2-inch legs. repe'ied, but the right lens wos shattered
with o small amount of spalling.

Fig. 6 Type C qoagle hit by four peliets~a!l four Fig. 7 Typz D goggle hit by eight pellets-all eight
repelled. repelled -one produced straight !- 14 inch
crack.

LR

L =3 A Y

L

L

Fig. 8 Type € goggle mt by three peilets-one repelled- fig. 9 Type Fgogg'e hit by three pellets—all three
other two peilets mode ciean 14 inen holes peliets repelied—one pellet produced three
red @i cracks ot /27X /27 % /4T

W
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Fig 10 Type G goggles hit by six pellets—ali six fig. 1 Type H goggie hit by six pellets—three were
repelled= one produced 1/4 inch cruck in repe lc. after producing cracks, three knocked
edge of lens. out I'X I/2" pir~e of lens.

\')/
Fig 12 Type I goggle impossible to determine how Fia 13 Type J goggle hit by four peliets-ali four
many hits =left lens was shottered ond knocked were repelled.

ou*- other lens not hit.

Fig. 14 Type ¥ goggle hit by five peilets aii five Fig 15 Type L goggle hit by three pellets=all three
were repelled. produced serious radic! cracking upon deing
repelled ~ potentiol shotter
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Fig 16 Type M goggle apparently hit by two pellets— Fig 17 Type N goggle hit by two pellets—one pellet
one shattered left lens—other pellet only shottered right lens=—other lens dropped out
marked the right lens. of frame when frame wos severed by second

peilet.

Z
Fig. 18 Type O goggle hit by seven peliets=ai g 19 T;'pc P goggle hit by ten pellets=oll ten repelied-

seven repelled. one pellet produced o straight |/2-'nch crack

Fig. 20 'vee Q annnle Lt by four pellets—al four .3 21 Type R gogyle Mt ty five peliets- all
repe!fed. five repelied
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Fig- 22 Type S(With 050 PVA Lens)goggle hit Fig 23 Type T {With .050 PVC Lens) goggle hit

by eight pellets-all eight repelled. by six pellets=five produced clear 1/8° holes.

A L T S
Type T{With 030 PVC Lans) goggle hni'
by two peliets—both produced cléan 1/8" holes.

B. Safety Shields
1, Shield Materials
Commercially available transparent safety
shields for laboratory use generally consist of laminated safsty glass
held in a light metal frame and supported by a moderately heavy base.
Other shields are made tc serve a particular purpose and may be made
from a variety of materials; size is generally determined by the hazard

which is to be shielded against, The Ordnance Safcty Manual, ORD M 7-224,

-d
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merely indicates that safety shields must be adequate as determined by
tests,

"'Shields for protection against items containing

less than 15 pounds of explosives may be of

steel or other suitable material, The adequacy

of these operational shields, including thickness,

size, fastening, and location should be proved by

actual test, with a minimum safety factor of 25

percent above the maximum expected cha:ge, '

Preliminary tests were designed to determine
which materials might be useful in shields; no effort was made to explore
the effect of mounting or shield design. Nine materials wore tested:
transparent materials were Plexiglas!, safety glass, and glass containing
2 wire mesh; non-transparent materials were oak board, pine board,
sheet metal, plywood, Masonite?, and Transite’, The materials being
tested were clamped with C-clamps between heavy angle iron frames
(Fig, 25), Each irame with its four clamps weighed 65 pounds and
exposed a shield area of 11-1/2 x 17-1/2 inches to the blast, Four
frames were generally set to form a hollow square in the center of
which an explosive charge was detonated,
Charges consisted of 5, 25, 50, or 125 grams of

Comnposition C-4, which has a TNT equivalent of 1,30 as measured by the
ballistic pendulum test®, In tests not designed to give fragments the C-4
was contained in a plastic bag, aud by using a five foot length of detonating
fuse the test sample was not affected by fragments from the No. 8 blasting
cap used for initiation, Part of the charges were detonated in glass bottles
to provide a measure of the effect of glass fragments, A bottle weighing
17 g. was used with 5 and 25 g, charges and tottles weighing 86 or 107 g,
were used with 50 and 125 g, charges. A few charges were detonated in
lengths of steel pipes to determine the effect of steel fragments,

ITradename, Roln & Haas Company, Philadelphia, Pernsylvania
iTradenan.e, Masonite Corporation, Chicago, Illinois
3Tradename, Johns Manville Sales Corp., New York, N. Y,

‘Department of the Array, TM 9-1910, '*Military Explosives'' April 1955,
Pp 204 & 324,



figg 25 Clomps used to mount shield materials for tests.

After each test the sample of shield material
was examined, If a fragment penetrated the sample, or if it splintered
on the side away from the blast, or if it split, cracked, bulged, or
broke to the extent that there was an ope~ space between the surfaces,
the material was judged to have failed, If the sample had none of these
characteristics it was assu: 2d to offer adequate protection, On rare
occasions a result was classified as ''protected (marginal)'!, meaning
that although the sample did not fail by detinition, protection was margi-
nal,

The materials teated failed in various ways;
the hazard of the failure criterion in each case may affect interpretation
of the results, The criteria are described below and showa in Figs, 26

through 33,
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Fig. 26 Typicai failure pattern of Plexiglas.

Fig. 27 Typical failure pattern of safety glass.
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Fig. 28 Typical faitlure pattern of plywood.

Fig. 29 “ypical failute pattern of sheet metal.
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Fig. 31

Mpsonnt

”

| SOm

Typica! failure patterr of Transite.
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Flgc 33

Typica! failure pattern

of oak.

of pine.
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(1 Plexiglas failed by cracking and breaking
into distinct pieces,

(2) Safety glass and glass containing wire
mesh failed by spalling on the side
away from the blast,

(3) Plywood failed by penstration of fragments,
and wae splintered on the side away from
the blast,

(4) Sheet metal failed in two ways depending
on its thickness: Thin sheet metal was
penetrated by fragments, whereas the
thicker sheets failed becauie of excessive
beading which pulled the edges from their
clamping supports,

(5) Masonite was ruptured by the blast,
(6) Transite was torn by the blast,

(7 Oak and pine failed by splitting,

Detonations and the effects of detonations are not
precisely reproducible, and so detcnation results are generally reported
on a statistical basis. For those materials of major interest (1/4-in,
and 3/8-in,  Plaxiglas) the tests were repeated sufficient times that
statistical variation became apparent, For any particular weight of
explosive the results obtain-d were a function of the distance batween
explosive and shield; at small distances the shield failed consistently,
at intermediate distances it failed part oi the time, and at greater
distances it gave consistent protection (Figs. 34 and 35), Other
materials were not tested as extensively as Plexiglas so0 minimum
distances were assigned at which complete protection would be

obtained with various weights of explosive ( Table II),
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fig. 34 Minimum distances at which protection is obtained with 1/4 inch
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Table III

Distances at which Various Materials " .pply Protection
Against the Detonation of Various Quantities of Explosive

Material Supplies Complete Protection
at the Distances Given Below when the
Following Quantities of Explosives are

Detonated
5g. 25 g. 50 ¢,
1/4-in, safety glass 10,254in, 17.51n,
1/4-in, Plexiglas 6 30
3/8-in, Plexiglas 13,5 2C-in,
Double 1/4-in, Plaxiglas with air space 20
Double 3/8-in. Plexiglas with air space 12
3/4-in, plywood 26
3/4-in, oak board 12 30
3/4-in, pine board 30
24 ga shoet metal 30
14 ga sheest metal 6
1/4-in, plywood backed with 24 ga sheet 6
metal
1/2-in, plywood backed with 24 ga sheet )
metal

In the design of safety shields it should be
recognized that the protection obtained is influenced by factors other
than the rhield material, Materials are usuaily stronger if securely
clamped in a rigid frame but without undue stress concentration in
brittle materials; flexible materials such as sheet metal are practi-
cally useless unless they are securely clamped., There was also
evidence that some thought should be given to the methods of fastening
down the frame; although the frames used for these tests weighed
nearly 70 pounds and were set on concrete t-ey were moved as much

as 60 inches by the detondtion of 50 grams of Comicsition C at a

-
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diatance of 8 inches. A commercial semicircular laboratory shield
30 inches tall made of 1/4-in, Plexiglas was blown from two ring stands
by a 5-g. explosion at 6 inches.

The quantity and kind of fragments in an explusion
also had considerable effect on the performance of the shieid materials,
An increase in the glass bottle weight from 17 to 86 g, increased the
damage more than inight be expected, Visual examination of the Plexiglas
indicated failures around points of impact hy fragmenta, Subsaguent
fragment-free tests verified this effect, Two shots with Composition C
in steel tubing caused appreciably more damage thaa similar shots in
glass bottles.

For fragment-free explosions various equations
can be used to give a relation between quantity of explosive and distance;
of those equations which were examined the best fit was obtained with

the equation’

2
L, wh
K d
where I/K = impulss

w = charge weight

d = distance from charge

Only for 3/8-inch and 1/4-inch Plexiglas were enough data obtained to
allow use of the equation, If the value of :l—"- /s wa3 less than 0,567 for
3/8-in, Plexiglae 2nd less than 0,425 for 1/4-in, Plexiglas the shields
gave adequate protection, However, these valuas would vary consides-
ably depending on the type and quantity of fragments, and materials
should be tested under the conditions at which they will be used,

ICorpy of Cugineers, '"Fundamentals of Protective Design'é, { 1946) p. 3-46,
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2, Heavy Duty Shields ( 50 gm Charge)

A standard laboratory safety shield which would
be adequate for use with up to 50 grams of explosive at 6 inches would be
highly desirable, and an attempt was made to develop such a shield,

Various thicknesses of Plexiglas ( 12-in, x 18-in,)
ware exposed to the detonation of a 50-gm charge of C-4 2t a distance o£
6 inchea. One-inch thick Plexiglas and one-inch thick Plexiyias backed
with 1/2-in, thick Plexiglas failed. One-inch thick Plexiglas separated
by a one inch air space from 3/8-in, Plexiglas (Fig, 36) protected; the
1-in, Plexiglas was broken, but the 3/8-in, Plexiglas did not break,

These tests indicated that a transparent shield
which would give adequate protection againet the detonation of 50 grams
of material would be so0 heavy and bulky that it would be used oily for
special situations, and lightsr shields would be used routinely, Since
shields for 50 grams of explosive would probably not be portable econo-
mies could be effected by using non-trensparent materials such as 1/2-in,
plywood backed with 24 ga, sheet metal, A sight port made from l-inch
Plexiglas plus 3/8-inch Plexiglas separated by an air gap could be
included, but the shield should be tested befcr= use since the mounting

of the sight port might be a weak point,

3. Medium Duty Shields (25 gm Charge)

Wihen it became apparent that a safe shield for a
30-gm explosive charge would not be portable, a shield that would ade-
quately protect against a 25-gm charge was investigated,

One-half inch Plexiglas sheeta ( 30-1/2-in, x
14-1/2-in,) were mounted in frames of light weight aluminum angle
welded at the corners, and aubjected to the detonation of 28-gram chargs

of explosive contained in a glass hottle, The Plexiglas failed when plr-~ed

eight inches from the explosive charge; when placed 10 inches from the
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Fig. 36 Section from ¢ transparent safety shield which protecied against
a 50-gram charge a! o distance of 6 inches.

charge it failed in one test and protected in one test, The frames were

bent and twisted and were not suitable for reuse,

-21-

A practical shield design ( Fig. 37) having & frame

cunstructed of welded aluminumn channel was then tested. This shield
containing a piece of 30-in, x 16-1/2-in, Plexiglas gave marginal
protection against the detona.ion of a 25-gram charge at 10 inches and
geod protection at 12 inches,

In some cases it is desirable to remnotely
manipulate various pieces of equirment situated behind a shield, Since
the manipulator is most conveniently mounted by passing it through the
shield material tests were made to determine whether the shield would
be weakened significantly, The manipulator was passed through a bras

ball which was confined between two brass piates designed to be set on

cack side of the ghield, In the iirst test a hole ha~ing the same diameter
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Fig. 37 Shield design with welded aluminum channe! frame.

as the brass ball was drilled through the Plexiglas and four small holes
were drilled to accommodate screws set in each corner of the brass
plate, When subjected to the detonation of é5-grams of exploeive at a
distance of eight inches the shield failed badly, cracking through each
of the four holes and in other places, The brass insert and ball-joint
fixture, which weighed 1,65 (b, were blown approximately 45 teet from
the shield,

In the next test the hole through the Plexiglas
was made large enough to clear the attaching screws, When subjected
to the detonation of 25-grams of explosive at 8 inches the bail-joint
fixture remained clamped in the shield but the Plexiglas broke in
several places including a radial break from the edge of the hole,

In the final design the manipulator fixture

wag mounted in an aluminum plats between the tw~ sides of a V-shaped
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shield (Fig. 38). The shield gave adequate protection against the detonation
of 25 grams of explosive at a diatance of twelve inches, In a second test a
glass bottle containing 25 grams of expiosive was clamped in the manipulator,
When the explesive was detonated at a diatance of 12 inches the manipulator
rod was not damaged and was moved toward the operator's side of the shield
only a few inches,

When shields were exposed to the detonstiun ui
25-gram chargea they wcre always knocked over and in some cases were
moved as much as 30 to 40 inches from their original position, To determine
the force with which the shield was knocked over 3 high speed movie was made
of one test; this indicated that the shield began to topple zbout 60 milliseconds
after the initial hlast and was knocked down within 150 milliseconds. Shields

used to prorect aga. it 25-gram quantities should be securely fastened.

4, Swinging Shields

Swinging shields suspended from the ceiling are
frequently used to shield large pieces of apparatus. A swinging shield of
32 x 22 x 1/4-in, Plexiglas afforded good protection against the detonation
of 5 grams of explosive in a glass bottle at a disiance of six inchss,

A double shield consisting of two sheets of
32 x 22 x 1/4-in, Plexiglas spaced 4 inches apart was subjected to a
25-gram charge detonated 6 inches fxrom the closest sheet, Both sheets
failed, The back sheet was hung by strapiron secured to the Plexiglas
and bent over a piece of angle ( Fig. 39) so that an unnecessarily large
bending moment was applied to the shield, A shield which had mcre {ree-
dom to swing might not have been broken,

Swinging shields made of safety glass and a
36 x 48 x 1/2-in, sheet of PFlexiglas were broken by the detoration of

50 grams of explosive at a distance of 12 inches,
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c. Gloves

In an explosives laboratory gloves are frequently used
to protect against the possible explosion of small gquantities of material
held in the hand or located near the hand, Since gloves are not normally
designed or tested for such applications a test procedure was developed
to measure the degree of protection obtained with various commercially
available gloves,

Copper wire {0.033 inches in diameter) was doubled
and twisted together to form fingers and the framework of a hand,
Polyethylene film was rolled and placed over the wire as a substitute
for flesh on the fingera, The test glove was then placed «ver the substi-
tute hand, and glove and hand were placed over a 1-in, x 2-in, piece of
wood which was clamped in a ring stand, A 16 x {50 mm test tube was
placed in the palm of the glove ( Fig, 40) and the testing device inserted
in the test tube. A number six electric blasting cap, a number eight
electric blasting cap, and a short length of detonating fuse were tested
for explosive effect, The cotton glove used for these tests was shredded
by the number eight cap and the detonating fuse sc all tests wsre made
with a number six cap.

The gloves tested are listed below and glove damage
is shown in Figa, 41 through 47,

Tvpes of Gloves Tested

Type Supplier or Manufacturer
!, Lineman's Glove (leather) W. H, Salisbury & Companrvy
2., Brotherhood Glove ( yellow cowhide) Wells Lamont Corp.
3.  White Cotton Glove General Services Administration
4. Neoprene Coated Glove ( cotton) Stark Industries
5. Steel Reinforced Glove (leather) Mine Safety Appliances Co,
6. Asbestos Glove Allied Industrial Giove Corp,
7. White Mul Glove (horaehide) General Services Administration
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Fig. 40 Method used for testing the effect of explosions on gloves.

Fig. 41 i_cather lireman's glove after iesi (12fi)
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Fig. 42 Brotherhood glove (yellow cowhide) after test (left)
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111, Protective Devices
A, Sample Transporting Containers

While adequate shields provide protection from reactions
carried out in fixed equipment there are occasions when transportation or

movement of possibly sensitive inaterials is necessary, Two explosives
carriers were built, one for fairly large pieces of equipment, ard the
otaer primarily for vacuum vessels containing cold traps,

The large explosives carrier [ Fig, 48) consisted of an
aluminum cylinder 18 inches in diameter, 35 inches long with 3/8-in,
thick walls mounted on a dolly to allow easy movement. The bottom was
open and the top was closed with a removable 1/4-in, aluminum plate
perforated with a number of small holes, A slot was cut in the side to
allrw the cold trap which would customarily be located inside the carrier
to be connectad to a vacuum line, A cup and ring were provided to hold
the trap and could be raised or lowered by a rod outside the ca.rier,

Detonation of 50 gm, of Composition C-4 in a 250-ml
flask below the ring inside the container produced considerable damage,
Detonation of 10 gm. of Composition C-4 adjacent to the carrier cup and
ring blew out the bottom of the cup and broke the ring, Witness screens
showed thai some blaat hazard eslaied within abont a foot of the bottom of
the container, Small particles were ejected through the top and the side
slot, It was concluded that the detonation of 10 grams of high explosive
could be contained although fragments might present a small hazard to
nearby personnel,

The small transporter (Fig. 49) was designed for muve-
ment of small samples and as a fized shield for traps on vacuum lines, It
consisted of a 14-inch length, of 4-in, seamless stainless steel tubing with
a welded bottom and a carrying handle. Testing showed that the container
could withstand the detonation of five grams Compesition C-4, It shovld
be noted thai the strength of the container would be much leas if it were

made of tubing having a welded seam.
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Fig. 48 Side view and top view of large explosives carrier.

Fig. 49  Small sampie carrier.
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B, Remote Manipulators ( Laboratory Experiments)

Remote manipulation devices can be used to reduce
the exposure of personnel conducting reactions behind laboratory safety
shields or carrying small quantities of potentially explosive materials,
Four remote manipulators were designed and built by this Division,

The firat (Fig, 50) consisted simply of a laboratory ciamp equipped

with a hand grip and a shield, The second ( Fig, 51) provided 3 means
for opening and closing the clamp remotely, The third (Fig. 52) was
designed for turning stopcocks in a fixed location, The fourth (Fig., 53)
was a modified pickup tool, The wire connecting ti.e jaws with the handle
was replaced with a piece of flexible cable allowing the jaws to be rotated,
The manipulator was most conveniently attached to the edge of the shield
for manipulation although it could be hand held if it was used for a series
of operations,

A commercially available manipulator manufactured by
the Harwell Company, London, England (Fig. 54) was tested for handling
beakers and flasks, This device like those shown in Figs, 50 and 51
simply increases the distance between the operator and a potential
explosive,

An air cylinder (Fig. 55) was adapted for remotely
raising and lowering a cold trap behind a shield, Reaction temperatures

can be controlled quite convenisntly in this way without exposine personnel,
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Fig.

50

Device designed for hcnd protection while carrying flasks or
other vessels containing explosives.

Device designed for remote manipulation of beakers, flasks,
or other laboratory wvesszis.
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Fig. 52 Device designed for remote munipulation of stopcocks.
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